During the past two centuries metal loads in the Earth's atmosphere and ecosystems have increased significantly over pre-industrial levels. This has been associated with deleterious effects to ecosystem processes and human health. The magnitude of this toxic metal burden, as well as the spatial and temporal patterns of metal enrichment, is recorded in sedimentary archives across the globe. This paper presents a compilation of selected Pb contamination records from lakes (n = 10), peat mires (n = 10) and ice fields (n = 7) from Europe, North and South America, Asia, Australia and the Northern and Southern Hemisphere polar regions. These records quantify changes in Pb enrichment in remote from source environments. The presence of anthropogenic Pb in the environment has a long history, extending as far back as the early to mid-Holocene in North America, Europe and East Asia. However, results show that Pb contamination in the Earth's environment became globally ubiquitous at the beginning of the Second Industrial Revolution (c.1850-1890 CE), after which the magnitude of Pb contamination increased significantly. This date therefore serves as an effective global marker for the onset of the Anthropocene. Current global average Pb enrichment rates are between 6 and 35 times background, however Pb contamination loads are spatially variable. For example, they are >100 times background in Europe and North America and 5-15 times background in Antarctica. Despite a recent decline in Pb loads in some regions, most notably Europe and North America, anthropogenic Pb remains highly enriched and universally present in global ecosystems, while concentrations are increasing in some regions (Australia, Asia and parts of South America and Antarctica). There is, however, a paucity of Pb enrichment records outside of Europe, which limits assessments of global contamination. show that Pb contamination in the Earth's environment became globally ubiquitous at the 37
Introduction

54
which human activity has had a global-scale effect on Earth's systems), the onset of which 
124
In this paper we present a synthesis of standardized data from selected sedimentary and ice fields (Norton, 2007) . Consequently records from these environments are 137 documented here.
139
Ice cores are ideal environments for studying atmospheric metal deposition. They are their geographic restriction to polar or high altitude environments.
145
Ombrotrophic (rainfall-fed) peat bogs also exclusively record atmospheric input. where EF is the enrichment factor, Ec the concentration of a conservative element not 174 influenced by pollution (e.g., Ti or Sc), the subscript ps the section of the core affected by 175 pollution, and the subscript nat a non-contaminated background sample(s).
176
Pb nat /Ec nat are typically derived from either the pre-pollution section of a core (as is used in 177 this compilation), or the average Pb/Ec ratio in Upper Continental Crust (UCC). An EF of ≤ 178 1 indicates no contamination. EF ≥ 2 are regarded as being significant (Shotyk et al., 2000) .
179
However, values of EF ≥ 1.2 can be regarded as significant when: 1) EF variability in the 180 pre-pollution section of the core is ≤ 1; 2) the increase in EF to this value is associated with 181 a known metal working episode and/or; 3) the increase in EF ≥ 1.2 occurs within a 182 sustained trend of rising EF in a core.
183
The pollution Pb concentration (Pb excess) can then be calculated from: between studies also have the potential to influence relative differences in EF as a result of 
210
These factors represent potential sources of inaccuracy when comparing between records.
211
Selection criteria and record characteristics
212
The presented records were selected based on a number of criteria: 1) the oldest part of the have geochronology which allows temporal variability in metal enrichment to be examined.
216
3) The concentration of a conservative element(s) (Ec) must have been measured within the 217 archive, allowing calculation of enrichment factors (EF). 4) Geochemical data should be of 218 a high accuracy and precision, preferentially generated by inductively coupled plasma mass 219 spectrometry (ICP-MS), with samples having undergone full digestion using HF acid. 5) In 220 the case of peat records, or highly organic lake records, it was deemed preferable that 221 elemental analyses were performed on ashed samples (i.e. the mineral component only).
222
This was to ensure that direct comparisons between different studies could be made, i.e. so 223 that variability in Pb concentrations is not a function of variability in organic content.
224
Twenty seven archives (Table 1) were selected from existing literature to compare Pb 225 contamination based on these criteria. These included 10 peat mires, 10 lake sediment 226 records and 7 ice core records (Fig. 1 the Great Lakes in North America, 1-2 records were selected which typified the regional 250 situation.
251
The selected records displayed varying geochronological control ( 
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Lead enrichment in Europe
270
There are relatively numerous sedimentary Pb records from Europe. Eight were selected for 271 inclusion here (Fig. 1) , while in addition, Northern Hemisphere polar ice cores (section 3.7)
272
provide a further measure of European Pb emissions/environmental accumulation.
273
European peat mire records display EF of >10 to >100 (Fig. 2B) (Table 2) . Copper Falls is 17 times less than peak emissions, whereas at Point d'Escuminac and Lake
360
Landry (at c.1997, 2010, respectively) they are 1.7 times less (Fig. 4) . as noted in the original paper, age control is poor in the top of the core (Table 2) .
Lead enrichment in East Asia
400
Prior to the Industrial Revolution, all three lakes record a minor plateau in EF (c. increasing EF occurs which continues into the Industrial Period.
460
The Industrial Revolution stands as a prolonged increase in Pb that extends until the present 461 in the Greenland and Devon Island records, albeit displaying a decline over recent decades 462 (Fig. 4) . At Summit, Greenland, the Industrial Revolution is recorded as three phases. (Fig. 6) . (Fig. 1) .
490
The earliest evidence of Pb contamination is recorded in Bolivia lake sediments at 400 CE 
505
By contrast to most other presented records, the Bolivian Lake cores record maximum 506 enrichment during the pre-industrial period (Fig. 2) 
Lead enrichment in Australasia
526
Only two known suitable records of atmospheric contamination occur in Australasia. These Australia. Lead enrichment in Australia is low by comparison to the regions ( Fig. 2 and 3 ), metal processing in Australia (Fig. 4) . Pb enrichment typical of lake records ( Fig. 2 and 6 Fig. 2A and 4) . (Fig. 3) . records, is therefore likely to be lower by at least a factor of 2 (Fig. 6 ).
607
The incorporation of Pb in the environment has reduced substantially across much of the 
The distribution of Pb in the environment
619
Despite the wide distribution of Pb in the environment, there is considerable spatial 620 variation in the degree of the Pb enrichment (Fig. 2, 3 and 4) . Some of these patterns are an 621 artefact of the fidelity, resolution, geochronology and the air mass trajectories and specific 622 local meteorology conditions influencing the presented records, while others reflect 623 regionally distinctive pollution patterns, i.e. emissions.
624
There are noteworthy hemispheric differences in Pb EF. The Northern Hemisphere is 625 polluted by 1-2 orders of magnitude more than the Southern Hemisphere (Fig. 3) . This The available evidence suggests Europe is significantly more polluted than the rest of the 632 globe (Fig. 3) . Maximum industrial EF in European fed ice cores are >100 times 633 background ( Fig. 2A) 
656
There are a lack of suitable Asian records that map regional contamination and which
657
extend to the present time, while no known Central Asian records which meet the criteria of 658 this compilation exist. Contemporary EF for Asia ranges from <2 to 15 in reported ice, peat 659 and lake studies from East Asia and South Asia (Fig. 2 and 3) . Distally, the Mt. Logan ice 660 core records a significant increase in Pb enrichment in recent decades (Fig. 4) , attributed to do not capture this recent change, due to their age resolution or location (Table 2) .
663
Critically, although Chinese Pb emissions are rising, they remain significantly below those 664 of Europe and USA at height of Pb emissions during the 1970s CE (Fig. 5) . Since the late 665 1990s CE Chinese Pb emissions have been comparable to, or higher than, those of Europe 666 or North America (Fig. 5 ). This change is not yet recorded in the presented records, most of 667 which predate it. Consequently, new records would be expected to reflect this nascent 668 pollution load (Fig. 2 and 3) .
669
While Pb enrichment in the Southern Hemisphere is on average lower than that of North
670
America and Europe, EFs are variable depending on the proximity to local pollution 671 sources. Industrial era EFs from South America approach the global average at 5-25 times 672 natural background concentrations ( Fig. 2 and 3) . However, records which are most reflective of regional scale pollution, e.g. the Bolivian (Sajama) ice core, display 674 enrichment factors of 5, lower than those from Europe and North America ( Fig. 2A) . In 675 Australia, regional Pb enrichment, as best recorded by the USC mire, is also low (EF=4).
676
The USC mire can be considered a remote location, however, significant regions of the
677
Australian continent are even more remote from pollution sources, implying the Pb 678 enrichment over much of the content could be negligible.
679
Overall, this compilation highlights the major data gaps which exist outside of Europe and China (Lee et al., 2008) . In other East Asian records, contamination onset is later however.
695
In Europe, the Jura EGR peat mire seemingly provides a more regional-scale record by (Fig. 2 ).
728
At a global-scale, metal pollution increased most significantly following the beginning of 729 industrial methods of mining, manufacturing and associated consumption from c.1750 CE.
730
In the majority of records from Europe and North America, the Industrial Revolution marks 
743
The few Asian records do not show an abrupt change associated with the Industrial
744
Revolution. In these records the most pronounced increase in EF occurs later, during the 745 mid-20 th Century, and continues into the present (Fig. 3) . Asia archives record lower 746 magnitude pollution by comparison to Europe, however, the most significant metal 747 pollution in the region is contemporary (Fig. 3 and 4) . Hemisphere records in general, show ongoing increasing Pb emissions ( Fig. 2 and 4) .
766
Increasing EF in the Antarctic and Australia likely reflects recent major increases in ore 767 extraction from Australia in particular (Mudd, 2007 Figure 1 . Map showing the location of records used in this compilation (full site details are presented in Table 1 ). Table 1 ). 
